the more informative conventional genetic markers, GC and MNS, but most loci have been assigned to it by recombinant DNA techniques. There are currently more anonymous DNA fragments detecting restriction fragment length polymorphisms (RFLPs) on chromosome 4 than on any other autosome. In addition, most of the cloned genes from this chromosome detect useful RFLPs. A genetic linkage map including both conventional and DNA markers should soon span the entire chromosome and will undoubtedly lead to the localisation of other inherited disorders.
Chromosome 4 comprises 6 5 00 of human genomic DNA and therefore encodes perhaps 5000 to 10000 genes. As with all human chromosomes, only a very small minority of the genes on chromosome 4 have been identified. Taking together all genes, pseudogenes, cell surface antigens, fragile sites, and anonymous DNA segments given locus symbols, 69 loci had been officially assigned to the chromosome at the Human Gene Mapping Workshop 8.' These loci have been mapped by many different techniques including somatic cell genetics, dosage studies, and family studies, but recombinant DNA methods have produced the bulk of the assignments. The chromosome is second only to the X chromosome and chromosome 21 The two loci have recently been mapped to the terminal band of the short arm, 4p16.6568 Gusella et al65 showed that in patients with Wolf-Hirschhorn syndrome, a congenital defect caused by the heterozygous deletion of this region, the D4S10 locus is also deleted. This result has been confirmed by in situ hybridisation by several groups.66-68 In one study it was possible using patients with interstitial deletions of the short arm to narrow the assignment of D4S10 to the terminal half of 4pl6.1, one of three sub-bands seen in prometaphase banding experiments.68 The location of D4S10, and by inference HD, to the terminal part of the short arm explains the failure to detect the disease locus by linkage to either GC or MNS on the long arm.60
The mapping of HD to chromosome 4 has provided the impetus to generate large numbers of anonymous DNA markers for this autosome. These now represent more than half of all the assigned loci on chromosome 4. A few markers have been mapped using somatic cell hybrid panels after they were identified in searches for RFLPs using DNA probes chosen at random from genomic DNA.60 69-71 The majority of the anonymous DNA sequences, however, have come from libraries enriched for chromosome 4 sequences by flow sorting of metaphase chromosomes.7' 72 Subsequent screening for RFLPs has revealed that most of these can be successfully used as genetic markers in linkage studies. A total of 37 anonymous DNA loci had been described for chromosome 4 by Human Gene Mapping Workshop 8, and 30 of these represent useful polymorphic markers.'2 Many additional anonymous DNA loci are currently being characterised (Gusella et al, unpublished results) .
Of the cloned genes and pseudogenes from chromosome 4, 12 detect RFLPs useful in linkage analysis, although this number is slightly misleading due to the tight clustering of some related genes' (Gusella et al, unpublished results 
